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Sweeney: Genetic Counseling in Families with Hearing Impairment

GENETIC COUNSELING IN FAMILIES
WITH HEARING IMPAIRMENT
Anne Sweeney, M.A., ACSW

Since human families today are small,
there is often nothing obvious to suggest
a genetic etiology when a child is found to
have a hearing impairment. Yet studies
show that one of every two cases of child

hood deafness is genetically caused.^^^^^^
It is also true that as childhood diseases

that threaten hearing are eradicated or
controlled, the question of hereditary
causation grows in importance. Audiologists. educators of the deaf, counselors,
rehabilitation workers, and all associated
professional personnel should, therefore,
become increasingly interested in under
standing the Mendelian laws of inheritance
and the principles of genetic counseling.
Because of this expanding concern, this
article presents a brief history of the early
research in hereditary deafness, a review
of the modes of inheritance, a listing of the
well known syndromes, and some percep
tions acquired from experience in genetic
counseling.
History
Serious research in hereditary deafness
existed in the nineteenth century. In a
paper presented to the National Academy

of Sciences in Novenriber, 1883, Alexander

Graham Bell, recognizing that deaf persons
very often marry deaf persons, speculated
on the likelihood of such intermarriage
resulting in a deaf race. He also tabulated
the surnames of populations attending
schools for the deaf and noted the repeated
appearance of unusual family names. One
puzzling finding, however, was that sorne

deaf parents had only normal children.^^^
Other pioneer work was performed by
Dr. Edward Allen Fay. Using a questionnaire
of his own design, he gathered family
histories concerning 5000 marriages of the
deaf. In 1898 he published his studv as
"Marriages of the Deaf in America."
It must be remembered that both of these

scholarly inquiries occurred
before the
rediscovery, in 1900, of Mendel's laws of
inheritance, the application of which an
swers questions raised by Bell and Fay and
provides a method by which many families
may determine their risk of having a deaf
child or a second deaf child.
Interest continued into the twentieth

century. In 1923, at the twenty-third
meeting of the American Instructors of
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the Deaf, Dr. James Kerr Love interpreted
Mendel's laws and their relationship to famil
ial deafness.
Again, in 1952, Dr. LeRoy
Hedgecock, in a publication in the A/7?er/ca/7
Annals of the Deaf, wrote, "Certainly the
possibility of hereditary factors is of interest
to the entire family and to society in gen
eral."
Significant research has been done
in recent years. In the 1960's and 1970's, for
example, productive federally sponsored
projects in hereditary deafness research were
conducted at the Johns Hopkins University
and at Vanderbilt University.
Modes of Inheritance

According to the Mendelian laws of
inheritance, genetic traits may be dominant,
recessive, or X-linked. Chromosomes come
in pairs; human beings have 22 pairs of
autosomes, or non-sex determining chromo
somes, and two sex determining chromo
somes. Females have two X's; males have
one X and one Y. In the process of human
reproduction each egg and each sperm
carries one half the number of chromo

somes of the parent. It is evident, therefore,
since the genes are carried on the chromo
somes, that each person receives one half
of his genes from his mother and the other
half from his father. At fertilization of the

Autosomal Dominant Inheritance

A person having one gene for a dominant
trait, for our purposes, has the physical char
acteristics, that is, the phenotype of that
trait. The corresponding, or "normal" gene,
in the example shown here, is not expressed;
consequently, the dominant trait, then, is
seen to be fully penetrant. A gene inherited
from either parent must be the gene for that
trait. One would, therefore, first inquire as
to whether either parent shows that pheno
type. Indeed, unless tha trait results from a
new mutation (appears for the first time in
the proband, or index case), or because of
inaccurate pedigree data, or, as sometimes
happens, especially in dominantly trans
mitted disorders, is minimally or subclinically expressed in different individuals, one
would expect to find an affected parent for
each offspring. Obviously one would have
to take into account the age at which the
disorder becomes apparent; not all heredi
tary hearing impairment, by any means, is

congenital. In fact, much remains to be
learned about why some persons retain
acute hearing into advanced age, whereas
others begin to show some loss in their
middle years. If, let us say, a genetically
caused hearing loss in a kindred becomes

egg, the full complement of chromosomes
is restored. Most commonly seen genetic
disorders, including those with hearing
impairment as a component, are either
autosomal recessives, sex-linked recessives,

severe in the thirties or forties, one should
certainly inquire carefully about family

or autosomal dominants.^^^
Because a trait is genetic does not

would, indeed, be misleading.

mean that the person
weak or unfit person.
mated that all normal
recessive genes, which
cate, one from each

child would be one chance in two, or fifty
percent. Correspondingly, if the offspring
did not receive the trait carrying gene, he
could pass the disorder on to his children.
Only rarely would we expect a person to
have two identical copies of a gene for a
dominant disorder, that is to be a "double
dominant" or homozygous for that trait.
Should that occur, however, the risk of

having the trait is a
Geneticists have esti
persons carry several
if inherited in dupli
parent, would result

in a serious defect.^®^^^^

A single gene for

recessive hearing impairment is believed to
be carried by one out of every eight persons.(io)

https://repository.wcsu.edu/jadara/vol12/iss1/4

members who may have died before reach
ing the age of usual onset; carelessness in

assembling these kinds of pedigree data
In dominant inheritance the risk to the
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transmission to the offspring would not be
50%, but 100%. Autosomal dominant genes

are believed to be the cause of 20 or 30 per

cent of early childhood deafness.'^'
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Fig. 1. The pedigree of a kindred with autosomal dominantly inherited low-frequency hearing
loss. Note that both males and females are affected and that each affected person has an affected
parent.

The family tree or pedigree of a kindred
with early onset, fully expressed, inherited
deafness might resemble Fig. 1. This pedi
gree, of low-frequency hearing loss, is clearly
indicative of a dominant trait appearing in
five generations. It is seen that individual

autosomal in type, that is not limited to
either sex.

Autosomal Recessive Inheritance

In

autosomal

recessive inheritance, a

mode that accounts for 60 to 70 percent of

early childhood deafness/^^ it is necessary

children. Individual IV-7 shows that in tos

that an affected person possess two identical
genes carrying the trait for the characteris
tics, or phenotype, of that trait to appear.
Therefore, since one gene of each pair comes
from each parent, the mother and the father
must each be carrying one identical gene for

sing a coin one can sometimes win twice in

the trait; if the trait is deafness, each must

succession; it is hardly likely such luck

have one gene for the specific type of deaf

would hold. The risk for each child remains

ness seen in the child. If each parent is carry

IV-16 did not inherit the deafness from her

mother, 111-14, who was affected, and, there
fore, not having the gene, cannot pass it on
to her children. Individual IV-11, having the
trait, does pass it on; he has three affected

the same; it is always fifty-fifty, no matter
how many deaf or normal children are born.

Fig. 1 also shows that the hearing loss is

12, No. 1 digitalcommons@wcsu, 1978
Published byVol.
WestCollections:

ing an identical gene for a type of recessive
deafness, the risk of having a deaf child is
one in four or twenty-five percent
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Fig. 2. The pedigree of a kindred with autosomal recessively inherited deafness. Note that the
defect occurs only in offspring of consanguinous marriages.
It can be readily appreciated that if the

nature of the deafness would be the consan

recessive trait is rare, it would be a rather

guinity of her parents. The commonly heard,
"It's not genetic; there's no other deafness in
the family," clearly shows a lack of know

unusual coincidence for two people carrying
such a trait to marry. If, however, they are
related, the possibility of each carrying the

ledge about the recessive mode of inheri

gene as an inheritance from a common an

tance. In Fig. 2, the recessive nature of the

cestor is more likely. For this reason, con
sanguinity is said to be the hallmark of
recessive inheritance. Fig. 2 shows a pedigree

deafness is further demonstrated by compar
ing the proband's offspring with those of her
sister, VI-1, who, marrying a cousin, had the
misfortune to choose an apparently normal
carrier of the identical gene for deafness.
While all of Vl-9's children are normal, five

for a type of recessively inherited hearing
loss. Individual VI-1, the proband, or index
case, has three affected sisters, but in five
previous generations no affected persons

of Vl-1's seven children are deaf.

were identified. Since there are four affected

persons in the proband's sibship, the deaf
ness is certainly inherited. Since neither
parent is deaf, the defect must be recessive.

X-linked genes are currently believed to
cause about 2 percent of very-early-onset

Had VI-9 not had an affected sibling, or a

hearing impairment.^^^

clearly recognizable syndrome associated
with genetic deafness, the only clue to the

linked disorders are recessive; a few X-linked
dominants, including Vitamin D-resistant

https://repository.wcsu.edu/jadara/vol12/iss1/4

X-Linked Inheritance

Most

known X-
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rickets, have been reported. Konigsmark and
Gorlin, in their recently published compila
tion of genetic hearing disorders, do not des

cribe any X-linked dominants.^^^^ As "new"
genetic entities are identified, however,
quite possibly X-linked dominants causing
hearing impairment may be recognized.

daughters. If the father has a type of XIinked deafness, all of the daughters, receiv
ing the trait-carrying X from him, would be
carriers. They would, presumably, receive a
second normal X from their mother. Since

the normal X chromosome would have the

As mentioned above, the female has two

effect of "covering" the expression of the
defect, the female carrier may be expected

X chromosomes while the male has one X

to appear normal. The carrier could have

and one Y. If, for example, a person has a

affected sons, normal sons, normal daughters,
and carrier daughters. If one draws a pedi

type of recessive deafness carried on an X
chromosome, he may be able to construct a

pedigree similar to that shown in Fig. 3.
Examining this pedigree, it is apparent that
the defect is found only in males. The reason
is easily understood from the very fact that a
father must transmit his Y chromosome to
his sons and

3ir

his X chromosomes to his

gree of recessive X-linked transmission, it
becomes apparent that an affected male will

have all carrier daughters and all normal
sons. There is no father-to-son transmission.

A carrier female has a fifty percent chance
of having an affected son and the same
chance of having a normal son.
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Fig. 3. The pedigree of a kindred with X-linked congenital fixation of the stapes with perilymphatic gusher. Note that only males are affected. Because no males in this kindred have repro
duced, "no father to son transmission" is demonstrated.
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In X-linked dominant inheritance, again,

in Man"^^^^and Konigsmark and Gorlin's

there is no father-to-son transmission but all

"Genetic and Metabolic Deafness^^^^ are

daughters of an affected male would be
50 percent risk of having affected children

excellent references for physicians, audio
logists, and other professional persons
serving the hearing impaired population and

of either sex.

their families.

affected. An affected female would have a

It is not impossible, moreover, for a

father's X chromosome and would also have

A listing of well-known syndromes with
associated hearing loss would show that
many systems of the body are affected. A
few such syndromes are: Waardenburg
syndrome, showing pigmentary abnormali
ties; Usher syndrome, affecting vision and
hearing; Treacher-Collins syndrome, with

a 50 percent chance of inheriting her

deformities

mother's X chromosome for the defect.

middle ear bones; Alport syndrome, with
renal disease; Pendred syndrome, with
associated goiter; and Jervell and LangeNeilsen syndrome, with a characteristic

female to be affected with an X-linked reces
sive trait. A

woman could be a normal

appearing carrier of the X-linked disorder
manifested by her husband. A daughter
would, therefore, necessarily receive her

Should this occur, the daughter would be
homozygous for the recessive trait and,
consequently, would have no normal "cov
ering" or modifying X chromosome.
Identifying the carrier state in any type
of recessive deafness presents a challenging
area of research for audiologists and otolaryngologists. In one study, performed at
the Bill Wilkerson Hearing and Speech Cen
ter, some obligate carriers in a kindred
affected

with

X-linked

recessive deafness

with perilymphatic gusher were found to
have slight air-bone gaps on audiometric
testing.
Additional studies of families
with this type of hearing loss could possibly
result in the confirmation of this finding. If
the carrier state in even a few well defined

types of recessive hearing loss could be iden
tified, a significant forward step in counsel
ing would have been taken.
Syndromic and Non-syndromic Deafness
A decade ago at least 50 syndromes
having deafness as a component had been
recognized. Since that time researchers have
discovered additional types of genetic deaf
ness, both syndromic and non-syndromic.

(I3)(i4)(i5)

Konigsmark's classification

of

the

facial

structure

and

heart defect.

Many different types of hearing impair
ment without associated anomalies have also

been described. McKusick states that there

may be as many as 35 types of deafness
which appear to be identical but which

are, indeed, genetically different(^^^ Some
of these types of hearing loss can be distin
guished by mode of inheritance, by audiometric contour, by age at onset (not all
genetic deafness is congenital), and by the
fact that two persons with congenital reces
sive hereditary hearing loss can have normal
ly hearing children. Had their deafness been
identical in type, all of their children would
necessarily be affected.

Examples of types of non-syndromic
hearing impairments are: dominant progres
sive

nerve deafness; dominant unilateral

deafness; dominant low-frequency deafness,
as shown in Figs. 1 and 4; recessive congeni
tal severe deafness, as seen in Fig. 2; reces
sive congenital moderate hearing loss; and
X-linked early onset deafness, as seen in
Fig. 3.

"Hereditary Deafness in Man,"
McKusick's catalogue "Mendelian Inheritance

https://repository.wcsu.edu/jadara/vol12/iss1/4
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Fig. 4. The audiograms of ten affected members of a kindred with dominant low-frequency hear
ing loss. Note that in a 72 year old male, presbycusis has caused a superimposed high-frequency
loss.

for

Numerous types of genetic deafness,
example, Jervell and Lange-Nielsen

syndrome^^®^ and
hearing

loss

with

dominantly

inherited

abnormalities of the

4 and 5 show the audiometric contours

of these types of hearing loss. The research
minded audiologist and associated per
sonnel can be instrumental in finding addi

branchial arch^^^^ are infrequently seen.

tional cases within

Other types of syndromic and non-syndromic deafness, such as Waardenburg
syndrome often accompanied by striking
pigmentary abnormalities
and Usher syn
drome with its combination of auditory and
visual impairment
are fairly

those located are young children, they
may be admitted to habilitation programs
at a critical educational age.
Recog
nition of specific types of hereditary hear
ing loss can also lead to informed coun
seling.

common and are easily identified. Two
types of non-syndromic, dominantly tran

affected

families.

If

smitted hearing loss, low-frequency loss^^^^

Counseling
The combination of a detailed history;

and progressive sensorineural high frequency
loss
depend for their identification
upon an exact history and the audiometric measurements of the audiologist. Figs.

a thorough physical examination; an audiologic assessment, including, where feas
ible, Bekesy tracing, Sisi scores, and imped
ance audiometry in addition to the con-
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ventional pure tone air and bone testing;
plus a well researched pedigree are all
critical to diagnosis and, therefore, to
counseling. Pedigrees seen in Figs. 1, 2,

and 3 clearly reveal the modes of transmis
sion. Audiograms such as those in Figs.
4 and 5 resemble family portraits, not
identical but having a strong resemblance.

FREQUENCY IN Hz
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Fig. 5. Audiograms (better ear only) of three members of a kindred with dominant progressive
high-frequency hearing loss. Figure shows the progression with age.
In relatively stable populations, for
example, that of the southeastern United

States; in select cultural populations such
as the Amish; and in populations who
traditionally preserve their genealogical
histories, such as the Mormons, reliable
pedigree data can be readily obtained.
In many families at least one individual
will

be

the

collector

of ancestral

https://repository.wcsu.edu/jadara/vol12/iss1/4

data.

Even so, pedigrees can be puzzling.
In dominant transmission, to reiterate,
there may be a wide variation in expres
sivity, that is, an individual may show
the trait in a severely, mildly, or imper
ceptibly.

Human families, also, are now

much smaller than they formerly were.
Parents with a common defective recessive

gene may well complete their family after

Vol. 12, No. 1
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having one or two normal children. At
times, despite every care, there is no truly
satisfactory risk figure that the counselor
can give to an individual seeking help.
Persons seeking genetic counseling,
however, need more than a factual statement

of the likelihood of their having a deaf
child or a second deaf child. Some percep
tions gained from counseling hearing im
paired persons or their families will illus

trate individual approaches and responses
to available counseling.
Perhaps it is trite to say that empathy
is of great importance in genetic counseling,
since so much of the value of any coun
seling session depends upon the extent
to which the counselor can put himself
in the other person's circumstances. Hearingimpaired persons, or their parents, often
seek counseling at a time of emotional
distress, perhaps even of shock if the in
terviews occur shortly after the diagnosis

information in simple terms to those immed
iately concerned, in order that they, them
selves , may act upon it or reject it, as they
choose.

Genetic

counseling

should

have

a

sturdy element of consolation. If the deaf
ness is recessive, "blame" of either parent
can be dissolved. If the trait is dominant,

the familial pattern of the hearing loss
is often patent. Even so, an honest over
view can be therapeutic. People seem to
feel a need to assign a cause, sometimes
a bizarre one, to a disorder; should this
happen the way for discussion can be
opened

without a head-on collision. In

Dr. Fay's study, cited earlier, a family
with three deaf children gave different
causes for each disorder; one child was

privacy, interest, concern, attention, a
listening ear for their other worries, and,
indeed, all the ingredients that create a

said to have been "deafened at eighteen
months by the sound of a sewing machine."
Moreover, a simple attempt at discarding
erroneous information such as "They
say it always skips a generation" or "It
will become worse with each generation,"
can lead to acceptance of a few simple
truths. An example of this educational
benefit is that many parents of a child
with fully penetrant dominantly trans
mitted hearing
loss do not know, and
need to be repeatedly told, that their nor
mally hearing children, not having the
gene, cannot pass it on. That knowledge,
of itself, when accepted, can brighten their

therapeutic atmosphere. A practicable point

expectations.

becomes known. Parents who suffer the

loss of "perfection" in their child may well
experience the stages of grief described by
Elizabeth Kubler-Ross.^^^^ Since deafness
presents a peculiar psychological threat,
and since the request, itself, for counseling
is probably anxiety-provoking whenever
made, those seeking guidance should expect

to remember, too, is that sometimes the

person seeking help has a hearing impair
ment; more care is needed then to be certain

that he does, in truth, understand. Com

prehending the modes of genetic transmis
sion in a single interview can be taxing
at best. A safeguard could be to arrange
for later interviews. In clinics or schools

these opportunities often occur naturally.
The individual should understand that

genetic counseling is not a matter of receiv
ing advice. It is, instead, an educational
process, the imparting of all pertinent

12, No. 1
PublishedVol.
by WestCollections:
digitalcommons@wcsu, 1978

Two bits of "advice" for parents are:

(1) if the child has recessive deafness,
he should clearly know the risk of marrying
a cousin (in stable populations this continues
to be a not too remote possibility) and (2)
if the child has a known syndrome, a,nd
especially a recessively inherited one, he
should consider carefully before marrying
someone with the same syndrome. Since
deaf persons most often seek their friend
ships among the deaf community, the mar
riage of a couple having identical syndromes
may occur.
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One

must

remember

also

that

not

all persons, not even all members of the
same kindred with identical types of hearing

loss, react similarly to a diagnosis of hearing
impairment, or to the possibility of having
a child with the same hearing impairment.
Most important to keep in mind is that
they may not react at all as one expects.
Examples of variation in response
abound. In a large kindred of progressive,
dominant, high-frequency hearing loss, one
member of the family and her normally
hearing husband expressed regret that
they had had children and said that they
would probably advise their two affected
children to "adopt." This feeling persisted
despite the fact that the children, like
most members of the family, were high
achievers. An affected cousin, on the other
hand, dismissed the need for genetic coun
seling. She had recently married and inten
ded to have a family. Having grown up in
a "family of deafness," to her it seemed

weighing the genetic findings and

risk

against the possible habilitative resources.
Like everyone else, hearing-impaired
persons or their parents are not always
rational in their use of any form of coun
seling. For example, a young, normally
hearing couple, having, a three year old
daughter who was severely hearing impaired,
and expecting another child, continued
to mention their need for genetic counseling
while ignoring the importance of attending
sessions of an instructional nature designed
to benefit their deaf child. Counseling ses
sions revealed nothing in the child's total
history to establish an etiology other than
genetic, but no syndrome was apparent;
the parents had normal hearing, and no
common

ancestor could

be documented

or seemed likely. Though no definitive
information could be given them, the
opportunity to express their normal anxi
eties during the counseling sessions about
having a deaf child plus their uncertainties

almost normal.

about

A possible carrier to a type of X-linked
deafness, in an otherwise concerned family,
broke all appointments for examination
of her sixteen-month-old son, though he
had not begun to talk; at the time she
was again pregnant. Another member of

opportunities, enabled them to engage
themselves more positively in her present,
immediate, and urgent need for language
development.
Again, a highly intelligent young man
with Usher syndrome, married to a normal
woman, begged the counselor to state that

this kindred, however, again a possible
carrier, sought out the counselor at the
time of her engagement so that she and
her fiancee could together learn the risk.

her

future

education

and

social

he should have no children because of the

immediately stated that they preferred to

risk, if not to his children, perhaps to his
grandchildren. His emotional crisis, caused
by his progressive loss of visual acuity with
its accompanying threat to his professional
status, had interfered with his ability to
attend to an interpretation of the pedigree.
His decision may have been wise, but was

take the chances. Their decision was influ

not based on the genetic risk.

enced, to a certain extent, by the fact that
the young woman's deaf brother had been
identified early, had had appropriate inter
vention, and was achieving as an oral deaf
child in the regular public schools. The
reaction of this young couple illustrates
the making of an informed decision by

Sound genetic counseling—and there
should be no other—requires, not only a
knowledgeable counselor, but participation

When they were informed that the only
guarantee they could be given of having
normally hearing children would be if they
limited their family to daughters, both

10
https://repository.wcsu.edu/jadara/vol12/iss1/4

by those requesting it to the extent that
they are willing to obtain medical records,
consult the family bible, visit older relatives;
in short, to do whatever is necessary to
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provide the counselor with accurate infor
mation. Counseling sessions, therefore,
should be planned, should be leisurely,
and allowance should be made for contin
ued sessions wherever needed.

Two questions, germane to genetic
counseling, might here be asked—"Who
should counsel?" and "If I am not to coun

sel, how can my knowledge of genetics
help my patients or clients?" Most audio-

sions about genetic disorders can assist
the professional staff to recognize their
own feelings about hereditary defects,
and, thereby, to become more comfortable
in relating to affected persons or their
parents who may be sensitive and vulnerable.
Genuine acceptance by an informed pro
fessional person can provide needed support.
Moreover, should a parent ask for

logists, teachers of the hearing impaired,

genetic counseling, some background know
ledge will assist the teacher, audiologist,

and

or rehabilitation worker to refer the indi

workers

in

rehabilitative

services,

quite rightly, would probably not consider
themselves

competent

in

genetic coun

seling. Not all graduate schools offering
training for professional personnel who
work with the hearing impaired provide
courses in genetic deafness. Practitioners
who have an interest in this service could,

however, through

continuing education,

prepare themselves to counsel. In addition
to special theoretical preparation at the
graduate level, those seriously interested
in counseling should also have an intern
like chnical experience with a specialist
in hereditary deafness. This combination
of theory and practice should equip them
with a level of competency to counsel

vidual to the appropriate resource. The
patient's and the counselor's time can

be put to optimum use if the counselor is

provided, in advance if possible, with all
the necessary documents. These data may
include the family tree, photographs where
relevant, audiograms, and old and current
medical

records. Guidance

in collecting

this material may well be needed. The
informed worker can, therefore, put his
knowledge of genetics to practicable use.
Summary
This article describes some of the early
studies directed toward understanding the

transmission of severe hearing loss and notes

families in which the deafness is clearly

the continued interest in research as know

genetic and the mode of inheritance without
question. Equally important, such practi
tioners would recognize the more complex
counseling situations and could make
appropriate referral to a genetic counseling

ledge in the field of hereditary deafness
has expanded. The Mendelian laws are
explained and illustrated with pedigrees
of kindreds with dominant, recessive, and
X-linked deafness. Some experiences in

offered by genetic clinics can be found

counseling are cited. The value of knowledge
about genetic deafness to workers with

in

the deaf is discussed.

center. The locations and types of services
a

paperback

international

directory,

updated regularly, and published by the

National Foundation-March of Dimes.^^®^
The opening paragraph of this article
states that it is estimated that the incidence

of genetically caused childhood deafness
(1)(2)

could be as high as 50 percent.

This

being true, surely it would be well for
those serving the hearing impaired, though
not prepared to counsel, to have some
knowledge of genetics. Classroom discus
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